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Family symmetries and alignment in multi-Higgs doublet models
Ivo de Medeiros Varzielas1, ∗
1Fakulta¨t fu¨r Physik, Technische Universita¨t Dortmund D-44221 Dortmund, Germany
The exact alignment of the Yukawa structures on multi-Higgs doublet models provides cancellation
of tree-level flavour changing couplings of neutral scalar fields. We show that family symmetries can
provide a suitable justification for the Yukawa alignment.
PACS numbers: 11.30.Hv, 12.15.Ff, 12.60.Fr
I. INTRODUCTION
A Multi-Higgs Doublet Model (MHDM) consists in
a straightforward generalisation of the Standard Model
(SM) where extra SU(2) doublet scalars are added to
the field content. With just one extra doublet added,
the two-Higgs doublet model is a particular case of the
MHDM [1, 2].
In the MHDM there are Yukawa couplings associated
to each Higgs doublet for each family of fermions - up
quarks, down quarks, charged leptons and neutrinos if
Right-Handed (RH) neutrinos are also added. It is well
known that this presents the potential for large unob-
served flavour changing processes such as Flavour Chang-
ing Neutral Currents (FCNCs). One can see this in the
Higgs basis in which the mass matrices of the fermions
come from only those Yukawa matrices associated with a
particular doublet. For a given family, that mass matrix
can be diagonalised - but without further assumption the
other Yukawa matrices of the family are arbitrary com-
plex matrices which would enable large tree-level FCNCs.
It has been noted [3] that these unobserved processes
completely cancel in the exact alignment limit i.e. all
Yukawa matrices of a given family are perfectly aligned.
It was shown [4] that such alignment can not be preserved
by renormalisation unless additional symmetries are im-
posed, although the contributions to the unobserved pro-
cesses due to this misalignment can be compatible with
the current experimental constraints for regions of the
parameter space [5].
It is reasonable to expect that problematic processes
will be suppressed when there is approximate alignment.
In analogy to the solution of the SUSY flavour prob-
lem where Family Symmetries (FSs) provide approximate
alignment of fermions and sfermions (see e.g. [6–8]), a
suitable FS is a good candidate solution to address the
MHDM flavour problem by providing approximate align-
ment of the Yukawas of each SU(2) doublet. As in the
FS solution to the SUSY flavour problem, this would be
particularly appealing if the FS solves the MHDM issues
while simultaneously addressing the flavour problems of
the SM (such as the otherwise unexplained hierarchy in
fermion masses).
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In the most extreme cases, the FS can provide per-
fect alignment and protect it from renormalisation ef-
fects. Here we present models where the FS is used solely
to address the potential flavour problems of the MHDM
by achieving perfect alignment for the given families -
without attempting to ameliorate the flavour issues of
the SM.
The exact Yukawa alignment in the MHDM is achieved
through a specific strategy that combines two require-
ments: only one FS Invariant Combination (FSIC) is al-
lowed for each family; all the Higgs SU(2) doublets are
singlets of the FS, such that the single allowed FSIC can
be made invariant under the SM through coupling to any
of the Higgs doublets. We then argue that as a general-
isation of this strategy, dropping the constraining single
FSIC requirement while maintaining the Higgs as singlets
of the FS is a promising approach to achieve approximate
Yukawa alignment.
II. SIMPLE ALIGNMENT EXAMPLE
In order to illustrate the proposed strategy we use
SU(3)[] ⊗ SU(3)() ⊗ Cn as the FS. The fermions are as-
signed as triplets. To allow a FSIC, familons (SM singlet
scalars) are added and assigned as anti-triplets under the
FS. The requirement that each family has a single allowed
coupling is simple conceptually, but it can be quite diffi-
cult to implement. In order to do so, an auxiliary Abelian
factor (Cn) is not enough. This is why we resort to two
distinct SU(3) (c.f. [9, 10]) as with two non-Abelian
factors the Left-Handed (LH) sectors (Q and L) are sep-
arated from the RH sectors (uc, dc, ec and νc). Cn is
then sufficient to keep both Q separate from L and each
RH sector separate from one another.
We start with the goal of Yukawa alignment for a single
family, e.g. the up-type quarks. Cn is not required if one
only wants to obtain alignment for a single family, as with
only two familons there is only one FSIC: [φiQQi](φ
j
uu
c
j).
It is made invariant under the SM by coupling to any of
the N Higgs doublets HA:
Lu =
N∑
A=1
cuAH
†
A[φ
i
QQi](φ
j
uu
c
j) + h.c. (1)
The SM invariant contractions are implicitly assumed in
this compact notation. The square brackets denote in-
2Q uc dc L ec φQ φu φd φL φe
SU(3)[] 3 1 1 3 1 3¯ 1 1 3¯ 1
SU(3)() 1 3 3 1 3 1 3¯ 3¯ 1 3¯
C7 1 1 α
3 α α4 α α6 α3 α2 1
TABLE I: SU(3)[] ⊗ SU(3)() ⊗ C7 assignments. α
7 = 1.
variant contractions under SU(3)[] and the brackets de-
note invariant contractions under SU(3)(), with the gen-
eration indices i, j used with superscript for anti-triplets
and subscript for triplets. The distinct familons have a
subscript label (this is simply a notational label and not
an index). cuA is the arbitrary coupling with the super-
script label denoting the family and the subscript label
denoting the Higgs doublet. Lu is non-renormalisable
and we do not display explicitly the necessary messenger
mass scales associated with the UV completion of the
model. An explicit UV completion such as those pre-
sented in [11] is beyond the scope of the present work,
but we note that in principle the completions should not
affect the main results as the HA are FS singlets.
In this implementation, the non-Abelian symmetries
are required to keep the LH and RH separate - otherwise∑N
A=1 c
′u
AH
†
A(φ
i
uQi)(φ
j
Qu
c
j) would be added to the single
invariant term shown in eq.(1) and invalidate the rather
constraining strategy we are implementing. It is relevant
to note how this contrasts with [9, 10] where a single
SU(3) is used and both terms where the same familon
couples to the LH and to the RH are explicitly needed to
obtain the desired phenomenology - these two approaches
are not compatible.
The next goal is going to the full quark sector. It may
be interesting to require alignment only for the quarks as
this type of strategy can be embedded into a leptophobic
(or lepton-inert) MHDM. To keep only a single FSIC for
the ups and another for the downs, the quark RH sectors
need to be distinguished. Cn with n = 2 is sufficient
to keep φu, u
c separate from φd, d
c by charging e.g. the
latter two fields non-trivially. The SM-invariants are then
built by adding the HA:
LQ =
N∑
A=1
[φiQQi]
(
cdAHA(φ
j
dd
c
j) + c
u
AH
†
A(φ
j
uu
c
j)
)
+ h.c.
When both leptons and quarks are considered, Cn
must also keep the φQ, Q fields from interfering with
the φL, L fields. Trying the same C2 that worked for
quarks, φL would need to transform non-trivially to dis-
tinguish it from φQ and that inevitably allows FSICs like
[φLQ](φud
c). In this SU(3)[] ⊗ SU(3)() ⊗ Cn framework
we found n = 7 to be the smallest n that works when
charged leptons are considered for alignment. If Yukawa
alignment is imposed additionally to neutrinos, C10 can
be used. Possible assignments are listed in Table I for
n = 7 and Table II for n = 10, where αn = 1.
With the symmetries assignments of Table I or Table
Q uc dc L ec νc φQ φu φd φL φe φν
SU(3)[] 3 1 1 3 1 1 3¯ 1 1 3¯ 1 1
SU(3)() 1 3 3 1 3 3 1 3¯ 3¯ 1 3¯ 3¯
C10 1 1 α
3 α α4 α7 α α9 α6 α2 α3 1
TABLE II: SU(3)[] ⊗ SU(3)() ⊗ C10 assignments. α
10 = 1.
II we have the straightforward extension of eq.(1):
L =
N∑
A=1
(
cdAHA[φ
i
QQi](φ
j
dd
c
j) + c
u
AH
†
A[φ
i
QQi](φ
j
uu
c
j)+
ceAHA[φ
i
LLi](φ
j
ee
c
j) + c
ν
AH
†
A[φ
i
LLi](φ
j
νν
c
j )
)
+ h.c.
The term with νc should be omitted if the particle con-
tent is the one from Table I. Considering Majorana neu-
trino masses and types of see-saw is beyond the scope of
the present work.
After the familons acquire Vacuum Expectation Values
(VEVs) 〈φ〉, the Yukawa couplings for family f and for
HA are 3 × 3 matrices in generation space that depend
only on cfA and on the respective VEVs:
Y
ij
fA = c
f
A〈φiF 〉〈φjf 〉 . (2)
Each given family has only the exact same FSIC for
each HA (with an arbitrary coupling constant c
f
A), con-
sequently the Yukawa matrices feature the same familon
VEVs and are therefore aligned. The proportionality co-
efficients between Yukawa matrices of the same family
but different HA are given by ratios of the respective c
f
A
couplings. In a basis where one of the Yukawa matrices
of that family is diagonal, all other Yukawa matrices of
that family are simultaneously diagonalised. The align-
ment hypothesis [3] is effectively implemented by the FS.
We have not used the FS to address any flavour issues
of the SM - in fact these models feature Yukawa matrices
with two vanishing eigenvalues even with the most gen-
eral familon VEVs. Before we consider a case where this
is avoided and the FS implements exact Yukawa align-
ment, it is interesting to discuss in more detail the single
FSIC requirement. If we lift this constraint while the
Higgs doublets are kept FS singlets, all FSICs can be
made SM invariant by coupling to any of the HA. It
was the single FSIC requirement that made the strategy
incompatible with the approach in e.g. [9], where extra
FSICs are used to explain the fermion masses. In such
an approach it is natural to expect some hierarchy be-
tween a dominant FSIC and additional FSICs (through
an hierarchy of the familon VEVs or by having additional
familon insertions). By embedding a MHDM into that
approach, it would have Yukawa alignment at leading or-
der, the alignment being affected by the extra terms only
at higher orders. If the extra terms are sufficiently sup-
pressed compared to the leading order FSIC, the approx-
imate alignment resulting from the FS could be sufficient
to avoid problematic FCNCs.
3III. ANOTHER ALIGNMENT MODEL
The strategy of combining a single FSIC with FS sin-
glets HA can be implemented without leading to Yukawa
matrices with zero eigenvalues. We choose now the FS
PSL2(7) ⊗ Cn. The group PSL2(7) is a discrete sub-
group of SU(3) [12] that is particularly interesting for
embedding into SO(10) GUTs [13, 14] (although we do
not attempt such an embedding). We use familons χ that
transform as sextuplets of the group, while the fermions
F (LH), f c (RH) are triplets and the Higgs SU(2) dou-
blets are singlets of the FS. In order to illustrate the
FSICs we first require alignment for a single family:
Lf =
N∑
A=1
c
f
AHA(Fj χˆ
jl
f f
c
l ) . (3)
The SM invariant is again implicit and j, l are the gen-
eration indices (every other superscripts or subscripts
are notational labels). The brackets and χˆf denote the
PSL2(7) invariant constructed out of the sextuplet and
the two triplets [12–14]:
χˆ
jl
f = −
(1 + i)
6
√
2
6∑
r=1
[
χrfS
jl
r
]
, (4)
where we denote the six components of the sextuplet χf
as χrf . The six matrices S
jl
r are 3 × 3 matrices (notice
the generation indices j, l). They encode the tensorial
product that makes the PSL2(7) invariant of a sextuplet
with two triplets, as in eq.(3). The matrices in a given
convenient basis are [12–14]:
S1 =

 4 1 11 −2 −2
1 −2 −2

 ; S2 = −i√3

 0 1 −11 2 0
−1 0 −2

 ;
S3 = −i
√
3 b7

 0 1 −11 −1 0
−1 0 1

 ;
S4 =
√
3 b7

 0 1 11 1 0
1 0 1

 ;
S5 =
√
2

 2 −1 −1−1 2 −1
−1 −1 2

 ; S6 = −i√6 b¯7

 1 0 00 0 1
0 1 0

 ,
where b7 =
1
2
(−1 + i√7) and b¯7 is its complex conjugate.
In order to provide Yukawa alignment through hav-
ing a single FSIC for each family we use the sextuplet
familons χu, χd, χe and χν . We have found that C7 is
Q uc dc L ec νc χu χd χe χν
PSL2(7) 3 3 3 3 3 3 6 6 6 6
C7 α α
4 α2 α2 1 α5 α2 α4 α5 1
TABLE III: PSL2(7)⊗ C7 assignments. α
7 = 1.
Q uc dc L ec νc χu χd χe χν
PSL2(7) 3 3 3 3 3 3 6 6 6 6
C18 1 α
10 α9 α2 α6 α5 α8 α9 α10 α11
TABLE IV: PSL2(7)⊗ C18 assignments. α
18 = 1.
sufficient to preserve this strategy at the level of cubic
FSICs. Possible assignments are listed in Table III.
The Yukawa Lagrangian terms (one for each family)
are of the type of eq.(3). They are non-renormalisable
and therefore higher order combinations of the triplets
and sextuplets may contribute to the effective Yukawa
couplings and invalidate the strategy we are trying to im-
plement. In terms of quartic FSICs, PSL2(7) allows two
distinct combinations to be constructed from two triplets
and two sextuplets, so terms like Lecχeχν would appear
with the assignments of Table III. One possible solution
to this drawback lies in developing a suitable renormal-
isable UV completion. As shown in [11] the requirement
of renormalisability together with an appropriate mes-
senger content can strongly limit the allowed invariants.
Terms that one would otherwise expect to be present
at the level of building the non-renormalisable effective
theory are actually absent in the effective theory limit
associated with the UV complete model.
A suitable UV completion is outside the scope of the
work we present here, so instead we propose augmenting
the Cn symmetry in order to forbid terms up to a given
order. At the effective level it is not possible to have Cn
forbid extra terms up to arbitrarily high order. For exam-
ple, two sextuplets can combine into a PSL2(7) singlet:
((χu)
n1(χd)
n2(χe)
n3(χν)
n4)
n
will always be a complete
PSL2(7)⊗Cn singlet regardless of the charge assignments
and for any choice of non-negative integers n1, n2, n3, n4
that corresponds to an even number of sextuplet inser-
tions. Any such combination can be appended to any of
the desired cubic FSIC and produce extra FSICs. This
particular example clearly demonstrates that suppressing
to arbitrarily high order is not worth looking for. It is
also extremely likely that there would be accidental terms
of different types at orders much lower that depend on
the charge assignments (such as the Lecχeχν in the C7
model). In any case if one decides to prevent terms up
to the quartic level of FSICs, this can be achieved by the
C18 assignments in Table IV.
Regardless if it is achieved through a suitable UV com-
pletion or another mechanism, we assume extra FSICs
are not allowed (or extremely suppressed). If so, after
the familons acquire VEVS the Yukawas matrices depend
4only on the respective coupling cfA and VEVs
Y
jl
fA = c
f
A
(
6∑
r=1
〈χrf 〉Sjlr
)
. (5)
For a given family f these 3× 3 matrices have the exact
same structure for any HA.
Finally, we do not consider RH neutrinos masses here
as the topic we concern ourselves with is the alignment
of Yukawa couplings. The allowed terms depend on the
Cn assignments - for example those of Table III allow
the term χdν
cνc whereas those on Table IV would al-
low χuν
cνc, but other assignments can forbid all cubic
terms (e.g. swapping the C18 charges of e
c with νc and
of χe with χν easily achieves this). In a more complete
model the auxiliary symmetries and field content (such
as an additional familon) would have to be considered in
greater detail.
If one were to lift the constraint of a single FSIC, ex-
act alignment would be lost. By keeping the Higgs dou-
blets as FS singlets and generalising from having a single
FSIC to a case where any additional FSICs are hierarchi-
cally suppressed with respect to a single dominant FSIC,
the FS is still responsible for approximately aligning the
MHDM Yukawa structures, up to the level of the correc-
tions introduced by the subdominant FSICs.
IV. CONCLUSION
We have required exact Yukawa alignment in multi-
Higgs doublet models and achieved it by employing a
strategy where each family must have only a single al-
lowed family symmetry invariant combination - this is
extremely constraining. The models presented are not
complete models and are intended as a demonstration of
the use of family symmetries in achieving Yukawa align-
ment. The family symmetries used do not address the
flavour issues of the Standard Model at all (e.g. the first
model presented is actually unable to accommodate the
Standard Model fermion masses). The explanation of the
Yukawa couplings is at best shifted into an explanation of
the respective familon vacuum expectation values, with
the vacuum alignment not being considered here.
It is likely that a better approach to these flavour prob-
lems involves abandoning the requirement of a single fam-
ily symmetry invariant combination. Lifting this con-
straint makes it easier to construct more realistic exam-
ples where the family symmetry also addresses the flavour
problems of the Standard Model. As a generalisation of
the models exemplified here we argued that approximate
alignment can be achieved if the requirement that the
Higgs doublets transform as singlets of the family sym-
metry is kept, as that enables the family symmetry to
construct a similar Yukawa structure for each doublet as
long as there is still a single dominant invariant for each
family - and this is a natural expectation given the ob-
served hierarchy of fermion masses. The goal in such an
approach would be that the approximate alignment suf-
ficiently suppresses the unobserved processes - with the
interesting possibility that new physics signals may be
just beyond the current experimental reach.
There are also other possibilities to achieve Yukawa
alignment in multi-Higgs doublet models that can be
explored. An entirely distinct approach lies in having
a symmetry that acts on the Higgs doublets, possibly
achieving alignment through additional doublets that do
not couple directly to the fermions [15].
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